Professor Elliot Smith
, in various publications, adhered to this. belief of Professor Underwood's. More recently, further publications by Professor Gregory and Mr. Hopson accept this view also, on the evidence to hand at the time. Dr. Smith Woodward was rightly cautious, however, before the Geological Society, in that, although he personally believed Professor Underwood to be correct, he yet left loopholes of escape in his references to it, in case of error.
Up to this stage it is possible to have a certain amount of sympathy for the position in which some of these gentlemen are to be found. But now the trouble arises. A book is published dealing with the " Fossil Remains of Man " [4] , and in this official guide all doubts are apparently over, for we are told definitely (the words " almost certainly " have now acted in accordance with a well-known law, and become permanently segregated) that the canine found is "the canine" of this mandible, and all illustrations relating to it are based on this presumed fact, and much of the literature is accordingly permeated with this idea. It is because of this positive attitude adopted, apparently without sufficient corroborative scientific evidence, that I beg leave to produce evidence iia favour of the incompatibility of this canine with these molar teeth, and it is upon the anatomy of the remains that I choose to submit evidence. Moreover, Professor Elliot Smith has already laid down a law for our guidance, and I cannot do better than quote it. He says [5] : "It is the business of science relentlessly to scrutinize all the evidence it uses, and not to build up vast speculations from material that will not stand the most elementary tests of stability."
It is nearly two years since Dr. Smith Woodward kindly allowed me to examine the relics of Piltdown at South Kensington, and although my evidence must necessarily be in the nature of a severe criticism of his views, I gladly acknowledge his courtesy at all times.
A growing doubt as to the compatibility of these teeth in one individual came upon me, but for a long time I was helpless to achieve any progress with evidence, since Dr. Smith Woodward-in spite of the fact that I demonstrated both to him and Professor Keith the value of the polariscope in this particular instance-could not see his way to allow a section of the canine to be made. It therefore, remained unverifiable (and, of course, equally irrefutable), and it was only in the spring of the year (1915) that I began to realize that, without making any section of the tooth, evidence was nevertheless at hand in the X-ray pictures of the molar teeth published nearly two years ago [6] and of the canine published later [7] . Although it is exceedingly difficult to determine with certainty the " specific " nature of the tooth (and herein I am aware that I differ from the views of even Professor Keith, to whose kindness I must remain a permanent debtor), yet there is sufficient evidence forthcoming to make the statement of the compatibility of these teeth in one mandible appear perversive of scientific evidence. After these preliminary remarks, it is now possible to deal in a more rigidly scientific manner with the evidence before us.
Before proceeding witli an examination of the Piltdown canine in detail, it will be necessary first of all to get a grasp of what may quite well be termed the " life-history of the human pulp," and afterwards we shall see what comparative anatomy of the pulp in other creatures has to say in corroboration or otherwise of the action of these same general laws, to which reference will be made. We will assume it a morphological fact, the truth of which no one with any knowledge of the embryology of human teeth will question, that the enamel and dentine are both originally laid down as soft tissues; that at the complete eruption of the crown of the tooth, calcification, as generally understood, is finished in the enamel, partially completed in the dentine already laid down; and that the growing end of the root is practically all soft mesoblastic tissue, from which the final root will be constructed of dentine and cementum. -There is no need to produce any evidence of human permanent teeth under 12 years of age.
In fig. 1 will be seen a series of human premolar teeth, prepared by Weil's process and stained in borax-carmine. These sections will display a condition of pulp which must be very carefully noted-viz., the large size of the pulp just after complete formation of root; the relative proportions of dental tissues; the projection of pulp into the crown of teeth; the lack of thickness of cementum; these are points to bear in mind. Proceeding to view the stages as portrayed by these sections in advancing years, it is quite obvious that the human pulp shows a gradual diminution of size with age, a fact perfectly well known clinically by dental surgeons, and borne in mind in all root operations. I also produce three sections of temporary teeth, indicating that a like process also goes on in them. Lest it should be inferred that the canine tooth differs from the premolars, I have produced a series of canines, ranging from 14 years of age to 61, seen in fig. 2 , and observe that the young canine possesses a large pulp, and the older teeth pass to almost complete obliteration of the pulp. An anteroposterior view of a canine is shown in fig. 1 , and in the same illustration a canine 23 years of age with a fairly large pulp, in order that I may not be accused of purposely evading criticism, or suggesting a one-sided aspect in the life-history of pulps. But even in this tooth I would draw attention to its lower third, where conditions prevail both of size of pulp and relative dental tissues which are fairly diagnostic of age; and as a taurodontic condition (to borrow Professor Keith's word) appears associated with a neurotrophic influence on odontoblast activity, we occasionally see in some modern teeth with a simnilar tendency, or with delayed eruption, local dilatations of the pulp. I have observed it in dilacerated teeth. But let it be remembered that there is no evidence of taurodontism in the Piltdown teeth, and the age of my canine (23 years) is even then many years below that accorded to Piltdown, and, I repeat, the lower third is a sufficient index in itself. l at SAGE Publications on June 21, 2016 jrs.sagepub.com Downloaded from
In fig. 2 a similar series of the pulps of molar teeth, with equally corroborative evidence of the diminution of the pulp, is shown.
Through the courtesy of Mr. John Humphreys, of Birmingham University, I exhibit a photograph of a section across an inferior maxilla with pulps exposed, and again evidence of a like nature is seen. To what conclusion can we come as a result of the study of these preparations? Surely, there is none other than that "the seven ages of man," as portrayed by Shakespeare, may not inaptly be applied to the human pulp, that it is not a fixed organ, but at ages' which may approximately be known the human pulp is in certain stages of growth or decline, and that this law in human teeth is as irrefragable as the law of gravitation or conservation of energy is in the world of physics. Now let us turn to comparative evidence-. What has the palaoontological record to say? Let us go back to the dim and distanat age of the Old Red Sandstone, and turn to the pages of one of Hugh Miller's less-known works, " Footprints of the Creator "; and figured [8] there is the same process going on in the teeth of Asterolepsis, one of those remarkable Ganoids. Turn next to the Permian Labyrinthodonts, and still the evidence is clear. When we appeal to Lyell [9] and look at a tooth of Microlestes, remarkable corroborative evidence is again forthcoming in Triassic times. Follow the marsupial remains in Jurassic times, the Cretaceous Iguanodons, and finally the placental mammals in Eocene times onwards, even to the cave-dwelling animals of the Glacial Epoch, and nowhere, as far as I am aware, is there any contradiction of this law of diminution of the pulp with advancing years, except in teeth growing from persistent pulps, or possibly amongst some few fishes, which is quite immaterial for our present purposes. I have left extant animals alone so far. I am fortunate enough to have in my possession two dogs' skulls (photograph shown) ; in the younger one the cranial sutures are quite evident, in the other the cranial sutures are obliterated-observe the large pulp of the young dog, and then observe the stage to which the pulp finally arrives in an older dog. The further photographs of the fox and other animals show a process of diminution of pulp taking place. The cat, by the evidence of the skull, is quite young. Now I am aware that before we can turn our growing data to any logical effect in connexion with Piltdown man, I must convince you further of the validity of this law amongst Primate mammals-other than man, whose evidence we have taken already-since it is here that my evidence must be conclusive. In order to produce this effect I have again to thank Mr. John Humphreys for generously placing at my disposal his excellent museum at Birmingham University for the purpose of securing a series of radiographs. Generally speaking, in the following plates the X-rays were directed on to the lingual aspect of the specimens, in order to obtain the best picture possible of the canines, and as the radiographs of the Piltdown canine published [10] give both aspects of its pulp, a comparison can be made accordingly as the necessity for reference occurs. A photograph is shown of a mandible of Lemur mongos; the molars are worn, incisors slightly but note, even so, the condition of the caniniform premolar pulp. Fig. 3 (a Semnopithecus) is excellent evidence regarding the canine pulp once more, and in this specimen the wear on the molars is very slight, and we cannot be dealing with an old individual.
In the mandible of a very young macacus (the Bruh) (photograph shown) the wisdom tooth (M3) is unerupted (in the upper jaw of this animal the canine-not figured-is not completely formed). I have purposely raised the lower canine above the mandible in order to display the large pulp from an interstitial aspect. There is no appreciable wear upon the teeth of this specimen. Very similar conditions are represented in the photograph of another macacus-viz., M3 just erupting, no wear to speak of, and the canine showing a large pulp chamber just beginning to close. Fig. 4 shows above Cynocephalus babouin, with a full dentition, and very slight wear on the teeth; but observe how the canine pulp is displayed by a thin white line. Below is the mandible of a female baboon; observe that the teeth are well worn, and that the canine pulp, such as is shown, is evidently still further diminished.
In the pulps of a very young Cercopithecus (photograph shown) the third molar is not erupted, and such of the pulp as is displayed shows an increasing size in its alveolar portion, as we should anticipate in a tooth just nearing complete eruption.
In the view of the superior maxilla of a young female gorilla, with molars very little worn and cranial sutures perfectly patent, is observed the comparatively large pulp in this young example, as we again anticipate. Obviously, too, the wisdom tooth (M3) has not been erupted very long.
In fig. 5 is represented the mandible (one half) of a chimpanzee, with molars rather more worn than those of Piltdown, and cranial sutures indistinct. These are anthropoid canines that cannot possibly have had anything like the years of wear of the assumed Eoanthropus canine, and yet the condition of the pulp in its comparatively diminutive size is self-evident. _X . ' FIG. 4. In tvhat is, probably, a male chimpanzee (photograph shown) there is wear rather exceeding the Piltdown molars, and although there is a moderate pulp in the canine, yet it is not comparable with the condition we shall see later in the Piltdown canine. The portion of pulp in the crown, the relative proportion of tissues, the apex of the root closed, by probably a considerable portion of cementum, are points to notice. I have purposely sought for this evidence concerning the chimpanzee's teeth, since the writers of some publications regarding Eoanthropus never weary of insisting on the likeness of the Piltdown mandible to that of a chimpanzee jaw; unfortunately for them, dental comparisons simply prove that the chimpanzee and the orang-utan also obey pulp laws similar to those obtaining in man, and Professor Underwood's own X-ray of a chimpanzee mandible [11] is excellent corroborative evidence from the point of view I am insisting upon, but unfortunately for Dr. Smith Woodward it does not display the apical conditions to which we shall refer again when dealing more directly with the Piltdown canine.
The evidence from all these Primates, then, as also that of Heidelberg man [12] , as indicated by his pulps, and that of Krapina man [12] , as shown in his pulps, is clearly in harmony with all the previous evidence, and declares that any living organ, such as the pulp, is governed by certain laws of life. Finally, however, let it be observed that the molar teeth of Piltdown man (Eoanthropus) indicate, by the published radiograph [13] , the universal working of this law of life. Consequently, it is now appropriate for us to assume it as proven that certain conditions of the pulp appear at an approximately fixed time in the various creatures, and, as a necessary corollary, that all the teeth of limited growth of a'ny one creature must be subject to the same law. And if the evidence of separate fossil or recent teeth places the. ages of the teeth by their own. evidence far apart, they could not be the property of one and the same individual, since no creature can be two different ages at one point of time. Having, then, arrived at this axiomatic condition, we will refer to fig. 6 , a tracing of the general outline of the pulp cavity in the Piltdown canine; for excellent radiographs I must ask the reader to refer to the source already indicated. Before proceeding, however, let me give some views regarding this tooth, and the molars of Piltdown also, as expressed by the following investigators:
Dr. Smith Woodward [14] described the two molars as "essentially human and worn flat in human fashion by the mastication of coarse and gritty food, &c."; Professor Underwood [15] , speaking of these same teeth, says: " They are worn down by use to such an extent that it was impossible that the individual could have been less than 30 years of age, probably a good deal more"; and Professor Elliot Smith [16] remarks concerning the cranium-and, remember, he accepts the finds as those of one individual: " The suggestion is that the sagittal suture had recently closed wvhen Piltdown met his death; this may occur in modern man at any age between 30 and 40 years of age, although in rare instances it may even occutr before 30, or (more often) be delayed beyond 40." More-over, as Dr. Smith Woodward pays tribute to Professor Underwood's aid, and has never, as far as I am aware, dissented from these views of Professor Elliot Smith and Professor Underwood, I think, therefore, that with these previous quotations I am representing fairly these gentlemen in stating that they accept the age of Piltdown man as 30 years or over. Certainly the evidence (apart from the canine) indicates apparently an age about-or, in my opinion, a shade below-30 years of age. Therefore, in looking at any teeth erupting at about 11 years of age, as suggested by Dr. Smith Woodward [17] , and still the property of Piltdown man at death, we must see a canine having had twenty years or so of supra-alveolar life, and having been exposed to use for all this time. Now, I give some views regarding this canine: Professor Underwood [18] says: "It is quite simian in form anzd is raised and pointed," &c. Dr. Smith Woodward [19] does not in toto accept this, for he says: "Its crown differs a little in shape from any canine of any known ape, and agrees more closely with the milk canine of modern man." However, this following astounding statement, viewed in the light of my further remarks, is made by Dr. Smith Woodward [20] . He says: "The root of the tooth is complete, somewhat deeper than the crown"; also [21] : " The extent of this pulp cavity, which is widely open at the lower end of the root," &c. One further quotation from the same source [22] : No trace of the socket for the tooth is seen at the bone preserved at the symphysial end of the fragmentary mandible." Mr. Hopson, I observe, admits the possibility of a minute portion of the apex of the tooth having been broken off, and Professor Underwood has written later [23] : "It is possible, but by no means certain, that a tiny portion of the apex is missing."
It is now appropriate to let the tracings of the Piltdown canine be carefully examined, in the light of all the evidence in the previous plates. Where is the parallel to these conditions shown in any raised canine of any creature 30 years of age or over? Will turning to the temporary human teeth for assistance avail ? Will it aid us to say that Eoanthropus was neither essential man nor yet true Anthropopithecus, and therefore not like either one or the other, but rather intermediate ? Is this one creature to be a law unto himself ? Have we found some ancient " Canute " who forbade the " waves of time " to surge around his canine ? Must we not rather be guided in our judgment of the age of this tooth by the nearest parallel conditions that can be found in the nearest creature allied to it ? And (assuming for the moment that we are really dealing with a permanent canine of Piltdown man) the conclusion, then, must be that we cannot see any interpretation which warrants an age for this tooth exceeding 17 years of age-certainly it will be impossible, in spite of ceaseless and subtle reasoning, to make a pulp cavity of this size and nature congruous with 30 years of age ! I cannot see any escape by the theory of " intermediate " conditions between Simian and true Homo, since some of the investigators having already placed the age as about 30 years, the relatively diminished longevity, say, of an Eoanthropic creature would hasten on calcification, and so quite counterbalance any possible increased size of pulp owing to simian tendencies. Moreover, one has to face the following fact (and here, mirabile dictu, Professor Underwood must surely have been labouring under sorne curious misapprehension, since I am unaware that he has ever corrected Dr. Smith Woodward's implication other than by the uncertain statement of his in the Dental Cosmos to which I have referred). This tooth is spoken of as having a completed root widely open at the lower end. We shall await with considerable interest the production of such a phenomenon coincident with 30 years of age. It is a mirage in the minds of ardent theorists or an elusive "will-o'-the-wisp," and nothing more. Nature is exceedingly careful of undue pressure on the apical end of the pulp, and either by continuous formation and calcification of dentine or a plug of cementum, a hard base is not long in being produced, and even then the termnination of the pulp is generally at a small foramen not at the extreme point, and in all animals where great strain may come before calcification is well advanced, the canine is curved renmarkably, at times in such a manner as to remind one of teeth growing from persistent pulps. Now, however, we are asked to accept about twenty years of a widely open apical pulp-end resisting the wear and tear of probably hard food.
Again, will any anthropoid or human canine show the same proportion of formed, and to be formed, dentine in the lower half, say, of the root at 30 years of age ? Examine measurements transverse to the long axis of this tooth, and see whether a nearer parallel in tissue proportions is not to be found in the premolars marked by a * in fig. 1 . We know, moreover, that at the stage of life when dentine formation is heavy and continuous, that the pulp is a perfect network of ramifying capillaries supplying the odontoblasts, and how are we to account in comparatively full adult life, or even older still, for finding very heavy dentine formation yet to be accomplished at a time when the general decline of the vascular system is setting in? Further, the risk of pathological degenerations in a pulp this size at this age makes such a condition ipso facto unthinkable. The gradual closing of the pulp cavity with advancing years becomes a physiological necessity.
It is vain to transcend knowledge, put aside evidence, and play with one's mental faculties, and before the congruity of the Piltdown teeth is a proved biological fact, these questions will have to be satisfactorily answered by evidence from the laboratory of life, and unless this is forthcoming there is nothing for it but to withdraw from an apparently untenable position. But as I have no desire to shun a method of criticism so well established by Charles Darwin, we will examine some possible objections directed against my attitude of probable incongruity of these teeth.
(a) It may be suggested that the root of the canine is, after all, fractured and a portion missing. But if this canine be lengthened at all, according to published drawings the impression for the same should be seen in the alveolus, and Dr. Smith Woodward already has told us that it is not there. Moreover, even if one-third of the root were missing there would still be remaining incongruity of tissue formation for this age; neither will one suggest raising this canine one-third higher, for when we come to the upper canines of a male Piltdown creature, this condition with the glenoid fossa would be rather curious. To urge such an objection as this is to steer the craft away from Scylla only to wreck it on Charybdis.
(b) Occasionally we see, say in two teeth, a larger pulp in the older tooth, but when this is so there is either a taurodontic condition present or the age of the teeth is fairly nearly approximate, and however careful one might have to be regarding this in some cases, it does not affect the argument regarding Piltdown man, since the molar radiograph indicates normal conditions, and the age of difference between these teeth and the canine is altogether too great to be bridged in this manner.
(c) Mr. Charles Dawson's objection [24] , " that there is nothing in their mode of occurrence suggesting different individuals," is worthy of note. Surely no one conversant with paleontology will argue that all the teeth found within a 15-ft. radius of deposition need of necessity belong to one individual ? It would weary the reader to take him through the numerous records, time:after time, of isolated teeth found, with sometimes as much as twenty years elapsing before a more complete discovery has been made. The reasons for this are not .45 obscure when one remembers their hardness and the ease with which they will drop out from the alveoli at times. Besides, is it not more reasonable to expect M3 to turn up, the tooth belonging to the part found, than the wanted tooth of the missing place, the arithmetical chances of finding the same being one to twenty-nine against all the rest of the teeth of this individual. This very " Guide-book of South Kensington" [25] speaks of one tooth of Macacus pliocenus found in brick-earth at Grays, in Essex; and to this day the Taubach remains are only two or three teeth, and Pithecanthropus erectus is a somewhat similar case, the certain unity of these teeth in the one individual being called in question by this same Guide-book [26] . It is in connexion with these isolated finds that I can see a most important future for the X-rays in the hands of those skilled in the knowledge of the life-history of the teeth of various creatures. Parenthetically I would remark that Sir A. Geikie [27] , along with others [28] , has some idea as to Microlestes being a Monotreme. If I read aright Lyell's [29] illustrations, we are dealing with a very recently formed second dentition tooth, and as we have no evidence in present Monotremes of any second calcified series, I am much inclined to look upon Microlestes as marsupial in type, and we may have to place the Monotremes as a degenerate divergent subclass.
(d) To return to Piltdown. "Wear and tear " is another stumblingblock brought forward. Anyone fully conversant with animal mouths knows that harmony of wear in their teeth may or may not be present; quite recently erupted teeth, too, will often show a fair amount of erosion. But my final remarks will deal more forcibly with this objection.
(e) The prima facie reasons of the mylohyoid groove and the effect of the superposition of Piltdown's jaw on Heidelberg's [30] , showing excessive length forwards of Piltdown's, is another objection. But one must remember that prima facie reasons are not final proof; a distinction must be made between certainties and plausibilities. I might argue that on prima facie grounds the contour of the glenoid cavity contra-indicated a raised canine, and that the act of yawning with such articular mobility and with projecting canines would be one which Piltdown man would not be likely to indulge in with pleasure. Again, as regards the superposition of the jaws, surely the possibility of fallacious reasoning must be evident to any close observer. If we fractured an "underhung" jaw of one person and superimposed it upon a similarly fractured " agnathic " jaw of another person, placing Ml over M1, and reasoned according to this code, we should be asking for chances, of error.
(f) The condition of large pulps in modern temporary teeth (with its implication of a certain paleontological law) is another citation of critics who have not observed that this is, even in these teeth, but a.
passing phase, and that after a while the terminal apex of root does, undergo the same changes as in permanent teeth; and as the pulps, are generally seen within a few years after eruption they are necessarily rather large proportionately.
(g) Another critic will say: " But you imply the coexistence of a, humanoid anthropoid at Piltdown." I suppose that there is no known reason why the remains of a recent human being and traces of a modern anthropoid might not be found together ? If the canine found be not the canine of this mandible, it is apparently either that of another Eoanthropus or a humanoid anthropoid, and I shall deal with its.
Eoanthropic character later.
(h) Another person suggests, " May not pathological and solvent. conditions have produced this state of pulp cavity in Piltdown?" Ii have seen an enlargement near the apical end of the pulp canal in necrotic roots, but never in such an even contour, or extending other than a short distance.
Finally, then, to sum up, we arrive at this conclusion: Absolute anatomical evidence (and this is the final court of appeal) appears to, invalidate the congruity of these teeth in the same mandible, and prima, facie objections cannot remove this indubitable evidence, even if my. replies to the objections fail to convince some who may still have " an affection for doubts." If this tooth be incongruous in this mandible, no power on earth can alter the fact that " the canine" has yet to be. found, and is at present hypothetical.
But, however, a canine of a curious form has been found, and can we get any further light on its " specific" nature? There are points, concerning it that appear to me to have escaped notice, and their significance has thus been overlooked: the very thin layer of enamel displayed, the loss of the tip of the tooth, the outwardly bent tendency of the root with apparent absorption beginning at the basal end of the, root, along with the large size of the pulp, all point to a deciduous. canine, and almost certainly a Primate one. The " wear " on the tooth is now a favourable argument, since the extreme thinness of enamel and less highly calcified tissues would be conducive to rapid abrasion orerosion. I have seen this type of " wear" in embryo, so to, speak, in very many temporary teeth; it is produced in the process of extruding the temporary teeth. It also becomes quite rational on this hypothesis to *understand why a single tooth should be found, and the temporary canine is often retained beyond a short period even in the mouths of young anthropoids; the temporary canine of an orang may be found in situ wh'en the second permanent molar has come into full use. The general outline of the Piltdown canine is not harmonious with the view of a permanent tooth. These teeth have a bow-shaped curve towards the tongue, and especially is this so with raised canines; but in this particular tooth if a line be dropped from its cervical margin or a little beneath on the labial aspect, when in an upright position this line will be seen to almost bisect the outer base of this tooth-an occurrence quite common amongst deciduous teeth if similarly viewed, and for which there is a reason. Again, I repeat, the amount of wear, the shape, and the pulp cavity harmonize in a deciduous tooth, but are necessarily contra-indicatory in a permanent one. At this point it is convenient to refer to a radiograph representing the deciduous dentition, only just completed, of a very young chimpanzee. Observe the parallel to the Piltdown canine; but this chimpanzee is seen at a very early age. In turning to fig. 7 , however, we see a later stage in the deciduous dentition of a youing orang, with the first permanent molar well in situ, and here is shown an extraordinary likeness to the pulp of the Piltdown canine. It is in the stages of the life-history of a deciduous Primate tooth that we mnust seek for a near parallel, and had Dr. Smith Woodward taken an X-ray of the orang's temporary canines instead of comparing their external form only [31] , it is inconceivable that he could ever have been quite so dogmatic.
Both these X-ray pictures show the forming permanent teeth, and one can easily see how absorption of the apical ends of the temporary teeth, coincident with the eruption of permanent ones, would leave the former with a pulp widely open at the lower end. Doubtless the size of the Piltdown canine will be urged against its being a deciduous tooth; but again this is mere prima facie argument against direct anatomical support. And one must not forget that amongst the Lemuridae in late Pleistocene times, huge forms arose (viz., Megaladepis insignis), and it is quite conceivable that larger anthropoids than we have living now were in existence in late Pliocene or early Pleistocene times, and a somewhat large deciduous canine would thus not be irrational. Probably our extant anthropoids are more distant cousins than some earlier forms, which are at present unknown to us. Granted this deciduous character of the Piltdown canine, the question arises, To what Primate creature must we assign it? If as such we seek to harmonize it with Eoanthropus, I fear that we have difficulties to overcome. Presuming it to be a deciduous tooth of an Eoanthropus, are we likely to find the permanent canine any smaller or any shorter, and how are we to get such a tooth in situ in a mandible such as Piltdowxi man possessed without evidence of the socket for the same ? We know that the evidence of anthropoids with raised deciduous canines points to much more projecting permanent ones, and I hardly think the reconstructors of Piltdown man are prepared to model this individual with raised canines perhaps exceeding those of any known anthropoid. Moreover, sufficient emphasis has not been laid on the very thin layer of enamel displayed in the Piltdown radiograph. To claim this tooth (even though it be a deciduous one) for an Eoanthropus is to claim it for " true man," and neither the deciduous nor permanent canines of modern man in any way corroborate this proportion of enamel and dentine; in evidence of this, I show a photomicrograph, taken with polarized light by crossed prisms, of a human temporary canine, in F-9 z5O Lyne: Significance of Radiographs of Piltdown Teeth which the enamel is certainly not insignificant on the labial aspect, and -the proportion of enamel to dentine in the permanent canine is even greater still. A reference, however, to fig. 7 shows once more how near an approach in enamel proportions there is between this temporary anthropoid tooth and that of the Piltdown radiograph. If, then, we accept this canine as deciduous and cannot correlate it satisfactorily with Piltdown man, all that we can do at this stage is to theorize, and to me the following way out of the maze of doubts is to postulate, in late Pliocene times, a large anthropoid showing humanoid tendencies, and with moderately raised canines (? Pithecanthropus erectus); and branching off from this we have one type still maintaining fairly large deciduous canines, such as that found at Piltdown, belonging to a humanoid anthropoid, but probably not the property of an Eoanthropus, and the other type, retaining smaller (human) deciduous canines, with the ancestral pattern maintained, and coincidently passing on to the eruption of non-raised permanent canines. Then we could see how the canine found at Piltdown and the modern deciduous human canine are somewhat alike in shape, since both would be descendants of one common near related ancestor. He would be a bold man who asserted that all anthropoid types in early Pleistocene or late Pliocene times had yet been revealed. However, this latter part of my paper I admit frankly, is only one more hypothesis as to man's possible phylogeny. But the anatomical evidence regarding the other facts will, I trust, at least impel cautious anatomists to assume a sub judice attitude, pending further discoveries, concerning the caninism of the Piltdown man. The loom of Time may yet weave for us the sure features of this creature.
In concluding, I must thank Mr. 0. T. Elliott, F.R.M.S., of Birmingham, for his kind assistance in arranging for the radiographs (by Messrs. Watson and Glover) and for his own photographic work.
DISCUSSION.
Dr. SMITH WOODWARD: It is certainly very gratifying to Mr. Charles Dawson and those who have shared in interpreting this discovery to feel that it has aroused such wide interest and stimulated so many researches connected with the subject. It is important that the questions involved should be looked at from every possible point of view because, as in nearly all cases in which we depend upon fossils, we have, at any rate at first, to balance probabilities. When we make discoveries of the nature of Piltdown man, we have only imperfect evidence to deal with, and we cannot do much more than arrive at probabilities. The more the points of view from which we consider the subject therefore, the more satisfactory the result. One of my friends in America has lately said that the lower jaw under discussion does not belong to the skull, but really represents a new species of chimpanzee. We are told to-night that the canine tootb cannot belong to the same animal as this jaw; and so we now reach the conclusion that the Piltdown fossils represent three distinct animals. It seems to me most improbable--almost incredible-that when we find a unique Primate skull in the same place as an absolutely new Primate jaw, and close to an entirely new Primate tooth, we are dealing with the remains of three distinct animals; especially when we remember that we are accustomed, among fossils, to find combinations that are strange to those who study only the modern world of life. I still think that all the researches which have been made really leave us a very wide range of possibilities from which we can select ; and as, by referring all the Piltdown remains to one animal, we are simply producing another illustration of a law which has been repeatedly proved to apply to various races of extinct mammals, I feel we may have confidence in our inference. We must also remember that, if we put these remains together, we realize the prediction which was made, on other grounds, by Professor Elliot Smith at the Dundee meeting of the British Association just before the Piltdown discovery. I therefore think there is not such an inherent improbability that all the Piltdown remains belong to one individual as might appear from researches such as those which have been detailed to-night. I wish especially to add that all the specimens under discussion have now been given by Mr. Charles Dawson to the British Museum, where they are completely accessible for study; and I hope all who are interested will examine them and assist in arriving at the truth.
Professor ARTHUR KEITH, F.R.S.: It gives me great pleasure, Sir, to be here to-night and to be able to congratulate Mr. Courtney Lyne on a very able presentment of a very difficult problem. We have to distinguish very sharply between the facts which he has added to our knowledge and the new explanations which he has offered us for some of those facts. The new facts which he has brought before us are his studies in the formation of dentine-namely, that the dentine is being formed all through life, and that therefore the pulp cavity, taking the average of one age with another, is steadily decreasing. I do not know how far dentists had recognized that fact before; personally, I had accepted that as a general truth, but I did want observations on a very wide series of teeth at different ages to illustrate that truth. Mr. Lyne has to-night brought a very large series to support that contentionnamely, that the pulp cavity decreases in size during life, and, a priori, a large pulp cavity indicates a tooth from a young animal and a tooth with a small pulp cavity is probably from an old animal. I must not detain you too long, but the identification of the original owner of the Piltdown canine is, to me, an extremely interesting problem, and has been since the first discovery of the Piltdown remains. Perhaps some of you will recall that when Dr. Smith Woodward first announced that this animal from Piltdown certainly had a large projecting canine I questioned it, and said I was almost certain it could not have had a large canine of the Simian form. The grounds on which Dr. Woodward based his inference were that the Piltdown mandible possessed the outstanding features of an ape's jaw, and that these featuresthe kind of symphysis, the mylohyoid ridge-always had been correlated with a projecting anthropoid-like canine tooth. That, I think, was the basis on which he made his inference; he was certain that when the Piltdown canine tooth was found it would be found to be shaped like an ape's. I based my conclusion on the form of the glenoid cavity; the Piltdown kind of glenoid cavity I knew of only in the human skull, and regarded its form as associated with the movements of the human jaw, to which our glenoid cavity is adapted. I could not, therefore, conceive of the presence of a projecting canine with the lhuman form of glenoid cavity, because with such a tooth the jaw could not be moved easily from side to side in ordinary mastication. It was on those grounds I inferred that when the canine tooth was found it would be found to be a big tooth, but not a projecting canine. A tooth was found, and I had an opportunity, at an early period of the inquiry, of seeing it. It was not, as it were, to my interest to accept a projecting, ape-like, canine tooth; it was rather to my interest to refuse to accept the canine which Dr. Smith Woodward had discovered. When I looked at it I saw that there could be no doubt of it belonging to an extinct member of the higher Primates; it was less humanoid than anthropoid; all its characters pointed to it belonging to a creature half-way between man and ape. There was one criticism which I made at the time-namely, that the amount of wear exhibited by that tooth seemed to me out of keeping altogether with the amount of wear on the molars. I formed the opinion from the condition of the molar teeth that the animal was just mature. But that is not a particularly safe criterion to rely upon as to age. I expected a canine tooth which was slightly worn. It was not only the degree of wear which made me hesitate to accept the tooth as of that of the Piltdown jaw, but it was also the kind of wear. I do not think Mr. Lyne has referred to that aspect much to-night; but the way in which the canine tooth of the Piltdown creature is worn is peculiar. In all the anthropoid teeth I know there are two facets. As the jaws work, the lateral incisor makes the biggest impression on the corresponding lower canine. But the corresponding upper canine tooth also wears a facet on the lower. I found, on going over our College Museum specimens, especially dentitions of female gorillas, that occasionally lower canines are seen with only the facet, which is worn by the lateral incisor, corresponding to the kind of wear which the Piltdown tooth shows. These two features of the Piltdown canine-the degree of wear and the kind of wear-seemed out of keeping with the other Piltdown fragments, so I had to resolve whether my first law was right, that you could not possibly have a side-to-side movement, projecting canines, and a human form of glenoid cavity in the same animal form. When I considered the type of wear upon the Piltdown canine -which I presume is a lower right canine tooth, although there is now a school in America which places it as an upper canine tooth on grounds which I do not understand-I was forced, as it were, to the conclusion that, with such a type of wear, side-to-side movements would be possible and that Dr. Smith Woodward was probably right in assigning it to the human being he had named Eoanthropus. I may say I would not readily forsake a position I had taken up if I found it represented the nearest possible approach to the truth. One wishes to state our inferences so that they will still hold true when we are all dead and gone. I concluded, with all the evidence in front of me, that the probability was that Dr. Smith Woodward was absolutely right; that he had found the missing lower canine of the right side, and that my law was evidently wrong-that is to say, the law which I postulated concerning the form of the glenoid cavity. I had supposed that our glenoid cavity had assumed its present shape as the projecting canine disappeared and assumed a position flush with the surface of the other teeth. Our knowledge of the movements of the jaw is not by any means final. My present difficulty relates to the manner in which the upper canine tooth of Eoanthropus articulated with the teeth of the lower jaw. After studying the matter as closely as I can, I have not yet obtained, nor have I yet seen, a satisfactory solution of this difficulty. I simply take the broad truth that, as Dr. Smith Woodward said, these parts were found together, that they are all strange but clearly closely related from a structural point of view. They were part, not of a low kind of beast but of a true kind of man. These parts having been found, one has, as Dr. Woodward says, to exercise one's best judgment.
Before the discovery of the Piltdown tooth, I had arrived at a conclusion which I thought to be of some importance, namely, that in ape jaws the canine tooth is a part of the side series of teeth; in the human dentition the canine has swung round, so that it comes to form rnot a part of the lateral series, but part of the anterior or incisor dentition. I had inferred that the disappearance of a projecting crown from the human canines had occurred as they were moved from a lateral to an anterior position. I conceive that the wear on this Piltdown canine indicates an intermediate stage in its migration from a lateral to an anterior position. In this manner I seek to explain how it is possible to associate in the same form a projecting canine and yet a truly human glenoid cavity.
Coming now to a much broader matter, Mr. Lyne to-night spoke of laws. There are, of course, laws and laws. The kind of law which he was speaking of to-night I am afraid does not exist. You know the story of Cuvier: that a certain bone was placed before him and that he reconstructed the animal, more or less correctly. That is possible; with a certain part you may be able roughly to outline the animal. But anyone who has worked at the anatomy of animals nearly related to man knows that there are structures which appear to be totally at variance with the general organization of the animal. Take, for example, the liver of the gorilla; we expect the gorilla to have the same form of liver as the rest of the anthropoids. It has not; its liver is lobulated in the same fashion as in the lower apes. If we were to find not a canine tooth but a liver of an extinct and unknown ape, no one would suspect that such a low type of liver could be assigned to such a high type of anthropoid. The gorilla's liver is a flagrant breach of Mr. Lyne's law. I could give you many other instances of the same kind from the human and anthropoid bodies. I think I could select instances from every Primate I know. I could cite a part or an organ, and show you it was incompatible with the general law of organization in that kind of animal. When we are shown, as we have been to-night, a large pulp cavity in a canine tooth, I do not think that is sufficient to make that tooth an impossible member of the jaw in question. The pulp cavities of the Piltdown molars, Mr. Lyne says, are not large. They are not large when you compare them with these of the Heidelberg man, nor large when compared with the teeth of Neanderthal man; but compared with most modern molar teeth they are large. [Mr. LYNE: Proportionately to the supposed age of the creature.] Of course we must allow for age; but suppose Eoanthrolps is 25 or even 20 years of age. [Mr. LYNE: You must go by other guides than the mere size of the pulp cavity-formed tissue as well; and if you look at a skiagram of the Piltdown molar you will find, particularly in the root region, there is a considerable proportion of formed tissue.] But the pulp cavities in the molar teeth are fairly large, and the pulp cavity of the canine tooth is also large. I do not think it is a character which can absolutely eliminate that tooth from belonging to that jaw; and I take practically the same view as Dr. Smith Woodward, who approaches it from a different standpoint. I am of opinion, at the present time, that the mass of evidence is in favour of the three portions found going together as parts of the same individual.
Professor ARTHUR UNDERWOOD: I have listened to the very interesting paper, and, if I may say so, the still more interesting commentary, and I hardly think, after all, that my contribution is needed. But as my name has been rather freely mentioned in the paper, I would like very much to say a few words. Professor Keith has already, in words better than I could use, said what was really in my mind as I listened to the paper, and I thank your I)6 Lyne: Significance of Radiographs of Piltdown Teeth Honorary Secretary for his courtesy in allowing me to look at the proof of the paper. We all know, and have all taught for many years, that the gradual change of the tooth pulp into calcified tissue proceeds to obliterate the pulp and to reduce it in size. I am, unfortunately, old enough to have taught it for forty years. And I think those who can say as much would agree that he would be a very bold man indeed who would attempt for a moment to say that there was such1 a rigid law appertaining to such a transformation that he would be able to name not only the exact age of the tooth of a modern man according to the degree of invasion of the pulp by calcified tissue, but also to say exactly what was the age of the individual who lived under conditions certainly very much previous to such conditions as obtain now, when the rules which govern changes may have been different. I argued from the degree of wear and tear in regard to the age, and when I said 30 years I meant it might be a little more. I still think the wear and tear question is very important, and I think the reader of the paper passed rather lightly over the nature of the wear and tear in the canine which we have been discussing. It is not at all the wear and tear which occur in temporary teeth, it is a huge removal of tissue by the wear of the upper canine. It has gone so far as partially to invade the pulp cavity itself. By looking with the microscope at the surface of the tooth, you can see the portion of pulp where the secondary dentine lhas been formed to resist that invasion. I do not think one can build too much upon the calcification of the pulp; I think it is asking a wellknown law to bear too severe a superstructure. The wear and tear question, I think, entirely proves that the age of that tooth is a great deal more than the age which has been assigned to it. I am a little bit in a difficulty about what age exactly Mr. Lyne assigns to it; I think he said 30 years for the molars and 17 was his approximate guess for the canine. [Mr. LYNE:
Allowing that the end of the root of the tooth is, as Dr. Smith Woodward has estimated it to be, widely open.] I think Dr. Smith Woodward would not press that point-I do not know. But my feeling is that there is a considerable lump off the end of that tooth, and when I said a "tiny bit " I meant in comparison with the size of the whole tooth. It is very difficult to regard it as a milk tooth, which I gather is Mr. Lyne's final conclusion.
Professor ELLIOT SMITH (Manchester): I came to the meeting to-night rather to hear what others said than to take part in the discussion myself; but I should like to express my thanks to the Secretary of the Section for giving me the opportunity of attending, and for allowing me to see the proof of Mr. Courtney Lyne's paper. I do not profess to have any expert knowledge of teeth; and my views concerning the Piltdown teeth have been based upon general anatomical considerations, arising out of the study of the skull as a whole. On the last occasion when I was present at a public discussion of the Piltdown fragments in London, I also took some small part in combating the view that the canine tooth did not belong to the same individual, part of whose jaw and cranium was found on the same spot; but on that occasion the at SAGE Publications on June 21, 2016 jrs.sagepub.com Downloaded from contention put forward by Professor Keith was that the canine, being so much worn, was too old to belong to the same individual as the molars. Mr. Courtney Lyne also claims that the indications of the canine's age prevent it from being associated with the molars, but on the ground that it is too Yyoun9.
The whole of Mr. Lyne's case depends upon this question of age. He stated that I had attributed an age of about 30 years to the Piltdown individual; but he also quoted my exact words, which give no grounds at all for such a statement. I was scrupulously careful to explain that the cranial sutures of the Piltdown skull were in the stage that "may occur in modern vman at any age between 30 and 40 years," meaning to imply that there was no evidence to justify one in assuming that the dates of closure of the sutures in modern man could be used for the determination of the age of the Piltdown man. I was particularly careful to guard against such an inference, for during the last fifteen years I have repeatedly called attention to the consideration that, even when estimating the age of such relatively modern remains as those of the ancient Egyptians, it could not be assumed that the facts derived from the study of modern Europeans could be applied to them. Among the large series of Egyptian skulls that I have examined I have so repeatedly found the widest discrepancies between the indications of age afforded by different parts of one and the same individual that the necessity for caution in estimating ages has been very deeply impressed upon me. Under such circumstances I do not attach so much importance as Mr. Lyne does to such discrepancies as he claims to find between the ages of the canine and the rest of the skull. I do not suppose that even in the case of a modern canine he would claim to be able, in any individual case, to estimate the age as certainly being not more than 17 or 18 years. In view of the exceedingly primitive and ape-like features of the Piltdown skull, it is in the highest degree probable that its sutures closed at an earlier age than in modern man. Thus it seems to me that, even if we accept his evidence at its face value, there might not be much more discrepancy between our estimates than four or five years; and if due allowance is made for individual variations even this may disappear. But in dealing with such problems as this one cannot be reminded too often of the fact that we are considering a type of creature which hitherto was entirely unknown. It is rash, therefore, to argue from speculations as to what ought to be found in claiming discrepancies in the features which actually are found. When one considers the fact that many writers are now claiming that the mandible did not belong to the same individual-or even the same genus or family-as the skull, and that Mr. Lyne suggests that the canine was not a part of either, we have to consider the possibility that three hitherto unknown man-like apes, or ape-like men, died side by side; but while one of them left a fragment of his cranium without jaw or teeth, another part of the mandible without any of the cranium, and a third his canine without any fragment of jaw or skull, I claim that the balance of probability-and, as Dr. Smith Woodward has said, it is a question of probabilities that we have to deal with-against this hypothesis of three different unknown creatures leaving complementary fragments is simply colossal. But when in addition it is claimed that the jaw is that of an ape, and the canine that of the same or another ape, there is added to this improbability the further difficulty that, so far as pala-ontological history is known to us, all the anthropoid apes had been cleared out of Europe by the middle of the Pliocene Period. To bring a hitherto unknown ape into England in the Pleistocene Period involves an upheaval of palaeontological teaching, and on the present occasion adds an element of improbability to Mr. Lyne's contentions which is even greater than that which I have already indicated. And what is to be put on the other side of the balance against this enormous weight of improbability? Merely the possibility that there may be a few years'-perhaps not more than four or fivediscrepancy between Mr. Lyne's suggestion of the age and mine, both based, not on absolute and constant data, but on the inference from notoriously variable factors in modern man, applied to the unknown conditions in an extremely early and primitive member of the human family. It seems to me that until some more positive evidence against the view is adduced, the only logical inference one is justified in drawing from the Piltdown fragments is that they all originally formed part of one individual. Although my conclusions are thus completely at variance with those which MIr. Courtney Lyne has set forth this evening, I am grateful to him for calling attention to a new aspect of the Piltdown problem, which is one of exceptional interest and importance.
Mr. PYCRAFT (British Museum): I am afraid I cannot add anything to what has already been said by earlier speakers in the discussion. But I would suggest that a pointno doubt a small point-has been missed. Mr. Lyne has been dealing, so far, with human skulls having a microdont dentition; but the Piltdown man had a macrodont dentition. If the Piltdown tooth be compared with the canines of skulls such as I have in the British Museum -those of Torres Straits Islanders, Australians, or Tasmanians, whose teeth are much larger-I think a very different conclusion from that of the author would be arrived at. I do not think much can be based on his assumptions at present.
Mr. MONTAGU F. iHoPsoN: I think it is due to Mr. Courtney Lyne that I should make a few remarks on his paper. He was good enough to submit it to me some months ago in rough draft, which had also been seen by certain other gentlemen present who have already spoken. It seemed to me to be essentially a paper which should be read before this Section of the Society, and so I persuaded him to offer it to us rather than to submit it to the Geological Society, seeing that the whole trend of his paper was distinctly dental, dealing with the macroscopical, and also to some extent with the microscopical, anatomy of this particular tooth. I must say I am a little disappointed with the discussion so far as it has gone, because I feel that the real aspects of the case, from the dental standpoint, have not been adequately met. Not that I, by any means, am sufficiently well qualified to deal with those particular points. The chief argument I had in my mind against Mr. Lyne's suggestions with regard to this tooth was based on the extent of the wear shown by the tooth. That has already been explained-it shows an enormous amount of wear. But I recollected that I was shown-and I have already figured it elsewhere-a fragment of the mandible of a Neolithic child, apparently of the approximate age of 5 years, a specimen which was once in the possession of Mr. Mummery. The deciduous molars showed enormous attrition, and that? as Professor Elliot Smith has pointed out, might be attributable to the particular diet on which the child subsisted. But there were molars which -if we accept the age as being somewhere about 5 years, for the first permanent molars had not erupted-after three years of wear, showed a remarkable degree of attrition. Another point which occurred to me was this (and it has already been mentioned by Professor Elliot Smith): We can only presume what was the age of this particular individual, as of all types of prehistoric man; we cannot say definitely that the conditions which hold to-day for modern man with regard to the time of the eruption of the teeth or the closure of the sutures correspond with those of modern times. Personally, after considering the matter carefully, I am rather inclined to place this Piltdown man at an earlier age than 30 considerably earlier. And in doing that one remembers that the canine tooth in the anthropoids is the last tooth to erupt, and it would therefore be in a state in which we should find normally a large pulp chamber and pulp canal. There is another point in connexion with this Piltdown mandible which struck me when I examined it, and it was, that if you look at it from the lateral aspect you will find that the third molar is not free of the ascending ramus; a portion of the crown of the third molar, when it was present, must have been inside the ascending ramus, and that is a condition which frequently holds in modern people in the young jaw. But in the case of the Heidelberg mandible it is free-it stands clear away; you can see, when viewed sideways, the whole of the crown of the third molar. If you look at the Spy mandible, one of the most remarkable points is that it is free of the ascending ramus-and there is almost sufficient space to accommodate another tooth. In the Piltdown specimen it is obvious that the third molar was partly covered by the ascending ramus, and it may be that is a contributory point in the view that the mandible is younger than we might otherwise expect. I did not altogether agree with Mr. Lyne when he said the pulp cavities of the molars are normal compared with those of modern man.
I was hoping that radiographs of them would have been thrown on the screen, as was promised, but they appear to me to be much larger than normal. If it could be accepted that this Piltdown mandible was a fairly young one, it might be that we should have a pulp cavity in the canine almost as large as that which Mr. Lyne has so much emphasized to-night as being out of the ordinary. In conclusion, I may be allowed to say I feel that I have, in a measure, done the Section some service in persuading Mr. Lyne to read his paper before us, and it seems to have been justified by the discussion which it has evoked. Mr. J. G. TURNER: The question of attrition, which Professor Elliot Smith spoke about, is one which I have been watching, I have been examining a large number of Egyptian skulls, and one notices how quicklv the first permanent molar is worn down. Within six years of its eruption it is quite flat, as flat as the first permanent molar of the Piltdown. But the second permanent molar takes considerably longer to become worn down, that is to say, the person goes on masticating on the more forward teeth, and the bicuspids will receive as much attrition as the second molar. And so in regard to the Piltdown tooth, finding the first and second permanent molars at one level and the cusps all gone, one begins to think it is a little older than some of us are suggesting at present. The point of the third molar is one which I noted some while ago, that it is not disimpacted. By the look of the jaw, I do not think we can argue youth on that account. The edge of the alveolus is-either by post-mortem or ante-mortem change-lower than it should be; it has been to some extent destroyed. If it be by ante-mortem change, one may argue that that person lived for a considerable time on a diet which induced a certain amount of stagnation around the necks of his molars: in fact, as has been pointed out by a Frenchman, there is slight evidence of pyorrhoea in almost every human skull, however ancient, which is known to us. At any rate, there is the fact that those alveolar borders are not perfect, and that argues the lapse of some time before that appearance would take place, if it be truly an ante-mortem change. As to the size of the pulp cavity, I have cut open a large number of teeth, with the specific object of examining the pulp cavity and the root canals. I did not come across widely open tooth canals in teeth of any considerable age, except once, in a man aged, perhaps, 35. The man's tooth broke so readily when I tried to take it out that I was led to examine it carefully, and I found the pulp canals widely open down to the apex, in a condition which absolutely surprised me. It was a two-rooted tooth, and I suppose there was as much uncalcified as calcified tissue in the roots. Another apex, which I think I still have in my possession, I put down as "query"1 as to whether it had been absorbed or whether it was the normal apex of that tooth, because it was so widely open; the apical opening ran up in a funnel shape to join the root canal. The tooth was a fully formed adult tooth. In our microdont dentition these are the only two cases I have found showing a large pulp cavity or root canal at an advanced age. For the rest, if there is anything in the point as to macrodont teeth, we shall have to go over the whole subject again.
Mr. COURTNEY LYNE (in reply): May I, Sir, thank the members of the Odontological Section of the Royal Society of Medicine for the kind way in which they have received my paper this evening? I realized when my paper was accepted that it would be a case of the cat among the pigeons; but the criticism to-night has, if it has been fortiter in re, also been distinctly suaviter in vmodo. I wish you to understand that the strongest argument which could have been brought against my views to-night would have been for Dr. Smith Woodward, or Professor Underwood, or Mr. Pycraft, or Professor Elliot Smith, to have thrown on the screen a series of slides controverting my slides and showing conditions as seen in the Piltd own pulps. I am sorry if I misrepresented Professor Elliot Smith; now it certainly seemns that he has thrown out an opportunity for reducing the age to much less than I had implied for him, and the matter becomes less important so far as he is concerned.
I will now deal with Professor Keith's view as to the wear on the toothnot the amount of wear, but the kind of wear. In his reconstruction I think the wear is supposed to have been produced by the upper lateral incisor, mainly, at any rate. I suppose every one of us in this room is aware that we can protrude the lower jaw, and that animals can and do protrude it in that way when trying to attack or bite one another. I have tried to get the forward bite of his reconstruction within the last twenty-four hours, and find that the tips of the canines, when that is attempted, simply inmpinge on the first premolars, and will not allow the mouth to shut at all. This also seems to happen with Dr. Smith Woodward's reconstruction at South Kensington. If the jaw is protruded at all, the upper canine will prevent the full closure of the molar teeth or the incisors; the tip of the upper canine will come against the lower premolar. This arrangement is allowed for in anthropoids; you get the canines standing in a further-out line than the premolars, and that allows the upper canine to get a real clinch on the food or on the animal which it may be attacking. This condition is very much more marked in the Carnivora, where the anterior lower premolars are dwarfed, and the compression of the mandible. in the lower premolar region allows the jaw to protrude and the upper canines to become consequently functional.
With regard to the question of the proportion of the tissues, I do not think anyone has answered that to-night. I threw on the screen Dr. Smith Woodward's own skiagram, which gives a picture of a certain proportion of enamel and of dentine. As far as my experience among Primate teeth is concerned, I find there is a rising proportion of enamel tissue as you approach the human species, and in this species you find a very much larger proportion of enamel than lower down in the Primate order. And here to-night you have a tooth which must be, according to the statement of these gentlemen, belonging to the Hominidwe, with a proportion of tissues which is, if anything, lower than adult living anthropoids display. If you look at the skiagram of the mandible you will find that the bony trabeculke are a much nearer approach to the Krapina man than those of the chimpanzee. In my opinion, the points which have shown Simian tendencies in this mandible have been magnified to the utmost possible extent, and the points -which were typically human have only been brought in sufficiently to correlate, apparently, this mandible with the cranium. If you take the Galley Hill skull and look at the radiogram of the teeth, you will find there is a correlation of pulp cavities in the series.
With regard to the idea that the remains may belong to three different types of creature: a member, say, of the Primates, another portion belonging to a human being, and another part to a chimpanzee. I am not responsible F-9b at SAGE Publications on June 21, 2016 jrs.sagepub.com Downloaded from for these views. I admit the mandible goes with the cranium. Consequently, then, you have only the odd canine tooth to deal with, so far as I am concerned. Dr. Smith Woodward has told us, in a paper which he gave on " Dryopethicus "-and I draw attention to it-that the only evidence we have of anthropoid apes in Pliocene times in Europe is a few of their teeth.
With regard to Mr. Hopson's criticism on the subject of wear, I would have liked to have seen thrown on the screen to-night a picture showing anything like the amount of wear and tear (in a permanent tooth), such as the Piltdown tooth displays, and with a similar pulp cavity. You will find, when the wear is very heavy, that the pulp cavity is practically obliterated. And that is a point I would suggest to Dr. Smith Woodward when he deals with the Australian skull later on. It will be well to get an X-ray picture of the pulp of that canine, and also to show the proportion of dental tissues. I thank Mr. Turner for his kindly criticism, and again I thank Mr. Hopson for bringing my paper before the Section.
